Abstract Glacial sequences deposited on the base-of-slope and upper continental rise off the eastern Wilkes Land margin show that depositional systems vary with time. During the early Oligocene to middle-late Miocene times glacial sequences are dominated by extensive glacigenic debris flow deposits (GDFs) that have lens or wedge shaped external geometries and internal chaotic seismic facies. Minimum runout distances are between 15 and 50 km with lateral extent between 5 and 13 km. Thicknesses vary between 170 and 380 m. We suggest that large volumes of melt-water production by a dynamic East Antarctic Ice Sheet (EAIS) define this glacial regime, which led to high sediment discharge onto the continental shelf and caused extensive sediment failures on the continental slope and rise. In contrast, during the Late Miocene-Pliocene transition there was an evolution to a more persistent cold-based EAIS characterized by decrease rates of glacial erosion and decrease production of melt-water resulting in mixed turbidite and debris flow deposition.
Introduction
Glacial sequences deposited on the base-of-slope and upper continental rise off the eastern Wilkes Land margin (Fig. 1) show a shift with time in the dominant depositional systems. The earlier glacial sequences are dominated by extensive GDFs compared to the mixed turbidite and debris flow deposition that dominate later glacial deposition (Figs. 2, 3) .
The aim of this paper is to report and describe massive debris flow deposits buried under the Wilkes Land continental slope and rise and to discuss, based on the varying stratigraphic evolution of the margin, their relevance as potential indicators for changes in the continental glacial regime. For this study we analyzed multichannel seismic reflection profiles collected by the Institute Français du Pétrole (IFP 1981-82) , the United States Geological Survey (USGS 1984) , the Japan National Oil Corporation (TH82-TH95; 1982 -1995 , and Australian-Italian Program WEGA 2000 (Fig. 1) . The majority of these data were made available through the Scientific Committee for Antarctic Research (SCAR) Seismic Data Library System (SDLS).
Morphologic and acoustic character of the debris flow deposits
GDFs are identified at the base of the paleo-slopes based on their external geometry and internal reflection pattern. All of the GDFs in the Wilkes Land have irregular upper surfaces. In seismic profiles that are perpendicular to the margin, GDFs have commonly lensshaped or wedge-shaped external geometries (Fig. 3A) .
When wedge shaped, the GDFs decrease in thickness from the lower slope to the upper rise. In seismic profiles that are parallel to the continent, the debris flows are lensshaped and the lateral pinch-out of the lenses is sharp (Fig. 3B) . The internal acoustic character of the GDFs is mainly structureless characterized by chaotic seismic facies and hyperbolae (Fig. 3) .
We differentiate between older and younger GDFs based on their stratigraphic position (i.e., unconformities bounding them). Older GDFs lie on top of a regional unconformity, WL-U3 (Figs. 2, 3) , which on the continental shelf truncates 300 to 600 m of strata. WL-U3 has been interpreted to separate pre-glacial strata below from glacial strata above (Escutia et al., 1997; De Santis et al., 2003; Escutia et al., 2005) . At the base of the slope the unconformity surface is smooth to irregular but no large erosion of the underlying seismic unit is observed (Fig. 3) . The top of the older GDFs is onlapped by unconformity WL-U4 and/or an amalgamated surface representing WL-U4 and WL-U5. This implies that the older GDFs can involve sediments within seismic units WL-S4 and WL-S5, inferred to be of Late OligoceneEarly Miocene age Escutia et al., 2005) . During this time the EAIS is believed to have a wet-based and dynamic glacial regime (Fig. 2) . On the rise, units WL-S4 and WL-S5 are characterized by horizontally stratified reflectors and, within WL-S5, localized channel-levee complexes (Escutia et al., 1997; Escutia et al., 2000; Donda et al., 2007) . Younger GDFs lie on top of unconformities WL-U4 or WL-U5, which exhibit an irregular surface caused by erosion of the underlying units. The upper boundary of these debris flows is less clear. At the base-of-slope, seismic units affected by the development of the debris flow could include WL-S4 to WL-S6 and could even involve WL-S7. In any case, seismic units above the WL-U7 unconformity are not involved in any of the GDFs as indicated by downlap of prograding slope wedge clinoforms (i.e., seismic units WL-S8 and WL-S9) in the proximal parts of the GDFs (Fig. 3A) . At the seaward end of the debris flows however, irregularly stratified reflectors of unit WL-S6 and younger units overly the debris flow deposits. Unit WL-S6 on the continental rise is characterized by the initiation of widespread development of channel-levee complexes and sediment waves (Escutia et al., 1997; Escutia et al., 2002; Donda et al., 2007) . The present hypothesis about the glacial evolution of this margin considers seismic units WL-S5 to WL-S6 to be of Early and Middle-Late Miocene in age, respectively, and to be deposited under a dynamic glacial regime of the EAIS Escutia et al., 2005 , Donda et al., 2007 (Fig. 2) . In profiles that are perpendicular to the margin, minimum runout distances are 15 km to 50 km for the older GDFs (Fig. 3A) and 35 km to 50 km for the younger GDFs. The width of the GDFs crossed by profiles that are parallel to the margin ranges from 5 km to 13 km (Fig. 3B) . Maximum thickness ranges from 200 ms to 450 ms (about 170 to 380 m). 
Discussion
GDFs similar to those observed in the eastern Wilkes Land margin have been reported mainly from the North Atlantic glaciated margins, such as are the northeastern Canadian margin Hiscott, 1989, 1992) , the Norwegian-Barents Sea margin Vorren, 1995, 1996; Elverhøi et al., 1997; Berg et al., 2005) and the Faeroe-Shetland Channel (Stoker et al., 1991) . Glacigenic debrites have also been documented in several settings around Antarctica (Bart et al., 1999; Imbo et al., 2003; Passchier et al., 2003; O'Brien et al., 2004) . The generation of that type of mass-movement processes is strongly related to the glaciation-deglaciation processes that have been dominant in such glaciated margins during a large part of the Pliocene-Pleistocene.
Current interpretations about the glacial evolution of the Wilkes Land margin with tentative ages for the Wilkes Land depositional units Escutia et al., 2005; Donda et al., 2007) (Fig. 2) , suggest that GDFs were deposited during the Early Oligocene to Middle-Late Miocene times. GDFs were thus developed during times when temperate glaciers first and a wetbased and dynamic EAIS after advanced into the Wilkes Land continental shelf during times of glacial maxima. This dynamic glacial regime, characterized by large volumes of melt-water production, lead to high volumes of sediment discharge onto the continental margin. As a result, extensive sediment failures took place on the Wilkes Land continental slope and deposition of GDFs occurred on the base of the paleo-slope. In contrast, during the Late Miocene-Pliocene there was an evolution to a more persistent cold-based and stable EAIS characterized by decrease rates of glacial erosion and decrease production of melt-water. This resulted in variable terrigenous sediment supply through glacial troughs to submarine canyons that fed widespread channel-levee complexes of turbidite systems (Escutia et al., 2000) that characterize base of the slope and rise sedimentation starting with unit WL-S6 (Escutia et al., 1997; Escutia et al., 2000; Donda et al., 2003) . Some mass transport sedimentation persisted at this time on the rise constrained, for the most part, to the base of the channel-levee deposits or interbedded within bottom contour-current deposits (Escutia et al., 2002; Donda et al., 2007) .
Summary
Glacial sequences deposited on the lower slope and upper continental rise off the eastern Wilkes Land margin show significant variation of the dominant depositional systems with time. Extensive debris flow deposits dominate during the Early Oligocene to Middle-Late Miocene. During this time large volumes of melt-water produced by a dynamic East Antarctic Ice Sheet (EAIS) glacial regime led to high sediment discharge onto the continental margin and subsequent extensive sediment failures on the continental slope and rise. In contrast, during the Late Miocene-Pliocene there was an evolution to a more persistent, colder base EAIS that produced less melt-water leading to mixed turbidite and mass transport deposition.
